ABSTRACT Objectives: The relative health effects of changes in unemployment, inflation and gross domestic product (GDP) per capita on population health have not been assessed. We aimed to determine the effect of changes in these economic measures on mortality metrics across Latin America.
Results: Between 1981 and 2010, a 1% rise in unemployment was associated with statistically significant deteriorations ( p<0.05) in 5 population health outcomes, with largest deteriorations in 1-5 years of age and male adult mortality rates (1.14 and 0.53 rises per 1000 deaths respectively). A 1% rise in inflation rate was associated with significant deteriorations ( p<0.05) in 4 population health outcomes, with the largest deterioration in male adult mortality rate (0.0033 rise per 1000 deaths). Lag analysis showed that 5 years after rises in unemployment and inflation, significant deteriorations ( p<0.05) occurred in 3 and 5 mortality metrics, respectively. A 1% rise in GDP per capita was associated with no significant deteriorations in population health outcomes either in the short or long term. β coefficient comparisons indicated that the effect of unemployment increases was substantially greater than that of changes in GDP per capita or inflation.
INTRODUCTION
The recent economic history of Latin America has been dominated by financial crises, including both the Latin American debt crisis of the early 1980s and the 2008 global financial crash. [1] [2] [3] The most recent calamity has not affected Latin America as significantly as previous crises, owing principally to more flexible exchange rate methods, the development of domestic bond markets, and more credible monetary and fiscal policy. [3] [4] [5] [6] [7] [8] [9] However, in the wake of such crises, concerns have been raised over the potential adverse effects on health outcomes. 10 11 Although the mechanisms for such 'healthconomic' crises have been studied at the theoretical level, 12 13 empirical insights remain limited. In particular, there is a paucity of evidence originating outside of Europe and North America, especially in Latin America. [14] [15] [16] [17] The majority of studies have focused on single or small groups of countries, with limited numbers of population
Strengths and limitations of this study
▪ This study investigates three important macroeconomic measures across the Latin America region; we hope that it will promote in-depth study of macroeconomic trends in relation to population health outcomes in this region. ▪ Results validated by robustness checks (eg, controlling for urbanisation and access to water, and omitting data from 1981 to 1989), with more than 25 controls for intercountry variations. ▪ Important unemployment variations exist at the subnational and regional levels, which are not exposed by study at the multinational level. ▪ Further sociodemographic controls could be incorporated into the regression models to isolate the respective effects of changes in unemployment, inflation and gross domestic product (GDP) per capita more satisfactorily.
outcomes and few economic measures, most commonly unemployment levels. However, the adverse health effects of economic indicators such as gross domestic product (GDP) and inflation have been less well explored. As a result, few studies provide a comprehensive analysis of the relationship between population health and economic trends. [18] [19] [20] [21] [22] [23] [24] [25] We build on earlier studies by exploring over a 30-year period the relationship between three economic metrics -unemployment level, inflation rate and GDP per capita-and six population health outcomes across the 21 states of Latin America. In what we believe to be the first study that analyses the health consequences of these economic metrics, we aim to provide a better understanding of the relationship between government policies adopted in economic crises and health outcomes. (table 2) .
METHODS

Year
In accordance with the World Bank definitions, the unemployment level was defined as the share of the labour force that is without work but available and seeking employment. 29 Inflation rates, as determined by consumer price index, were determined using the Laspeyres formula. 30 The annual rate of change in GDP was measured on a per capita basis to facilitate the comparison of differently sized countries.
This ecological study uses multivariate regression analysis to assess the relationship between population health outcomes (dependent variables) and unemployment, inflation and the growth rate of GDP per capita (independent variables). To ensure that results were not driven by extreme observations for certain countries, a fixed-effects approach was used in the regression models, including 20 dummy variables to account for the 21 countries in the data set. Demographic structure of the countries analysed was controlled for by incorporating total population size. In addition, we incorporated the percentage of the population more than 65 years old and less than 14 years of age into the model.
All of the three independent variables under investigation (namely unemployment level, inflation rate and the growth rate of GDP per capita) were included in all the regression models, permitting, for example, unemployment and inflation to be controlled for when evaluating the effects of the growth rate of GDP per capita. We therefore ran five multiple regression models, with five different dependent variables and extracted the coefficients of the three independent variables of interest.
We thus used the following model:
where H it is the mortality-based response variable for which i is country and t is time in years; X kit represents the independent variables, which include the three economic indicators of interest as well as the standard or expanded set of control variables; β k is the coefficient for the independent variables; and U it is the error term; and η is a dummy variable for the countries included in the regression model. We used the Cook-Weisberg test 31 to assess for and to confirm heteroskedasticity (where subsamples have different distributions) in the data used. Robust SEs were therefore included in the regression models. We conducted 1-year, 3-year and 5-year time-lag multivariate analyses to quantify the medium-to-long-term health effects of changes in unemployment, inflation or GDP per capita.
We performed a series of robustness checks, after which the multiple regression analyses were re-run. Robustness checks included excluding year-to-year fluctuations in mortality metrics exceeding 150%; excluding year-on-year unemployment, inflation and GDP per capita changes exceeding 150%; controlling for urbanisation; omitting data from 1981 to 1995, and 2008 to 2010, thereby excluding the Latin American debt crisis and the imposition of military rule in certain states, in addition to the recent global recession; controlling for additional economic measures-real interest rates and government debt; controlling for International Monetary Fund bailouts; repeating the analysis using mortality data from the World Bank; and controlling for out-of-pocket expenses in addition to health expenditures per capita. Stata SE V.12 was used for the analysis (Stata Corporation). Table 3 shows the results of the 15 regression models for the 21 Latin American states. A 1% rise in unemployment was associated with statistically significant ( p<0.05) deteriorations in all five population health outcomes (neonatal, postneonatal, 1-5 years of age, female adult and male adult mortality). The largest deteriorations were in 1-5 years of age and male adult mortality rates (1.14 and 0.53 rises; p<0.01 and <0.0001, respectively). Lag analysis revealed that at 1, 3 and 5 years after unemployment rises, 5, 4 and 3 metrics displayed significant deteriorations, respectively, with the magnitude of the effect declining over time (tables 4-6).
RESULTS
A 1% rise in inflation was associated with significant deteriorations ( p<0.05) in four population health outcomes (neonatal, postneonatal, 1-5 years of age, and male adult mortality), with the largest deterioration in male adult mortality (0.0033, p<0.01). Lag analysis revealed that at 1, 3 and 5 years after a rise in inflation, 4, 5 and 5 metrics displayed significant deteriorations, respectively, with the magnitude of the effect declining over time (tables 4-6).
A 1% rise in GDP per capita was associated with significant deteriorations in population health outcomes. Lag analysis revealed that no metrics displayed significant changes at 1 or 5 years after changes in GDP per capita (tables 4 and 6). However, at 3-year lag, an increase and improvement in GDP per capita was associated with an improvement in 1-5 years of age mortality ( p<0.01). Notably, removing inflation and unemployment as controls from the regression model, revealed that increases in GDP per capita were associated in significant improvements in all five mortality measures ( p<0.01).
β coefficient comparisons indicated that, at lags of 0, 1, 3 and 5 years, the effect of changes in unemployment levels was greater than the effect of changes in GDP per capita or inflation. More specifically, changes in unemployment were associated with approximately twofold larger deteriorations in male adult mortality, threefold larger deteriorations in neonatal and 1-5 years of age mortality, and fourfold larger deteriorations in postneonatal mortality, compared with inflation.
To assess the validity of these results, a series of robustness checks were conducted. First, observations with year-to-year fluctuations in mortality metrics exceeding 150% were removed (see online supplementary appendix table A). Re-running the regression analyses produced highly similar results: 4, 4 and 0 population health outcomes demonstrated significant associations with unemployment, inflation and GDP per capita changes respectively. Second, the analysis was repeated after excluding annual unemployment, inflation and GDP per capita changes exceeding 150% (see online supplementary appendix 32 the interplay between such economic variables plays a significant role in policy development. Our study provides new findings to inform policy discussions in Latin America when trade-offs exist between unemployment, inflation and GDP levels. We have demonstrated that increases in unemployment and inflation are associated with significant deteriorations in population health outcomes up to 5 years after the episode, including neonatal, postneonatal, 1-5 years of age, and female and male adult mortality rates.
Of the three economic variables monitored, rises in unemployment affected mortality metrics most broadly, as determined by significant associations with all five mortality metrics analysed. These changes were also substantially greater (up to fourfold) than those observed with inflation. For both increases in unemployment and inflation, at least three mortality metrics remained significantly affected over subsequent 5-year periods, indicating their long-term effects on population health. Notably, changes in GDP per capita exhibited almost no association with deteriorations or improvements in public health outcomes.
Policy implications for Latin America's current crisis
The policy recommendations of this study are clear. First, there are policy implications of our findings for unemployment. The association and causal link between employment status and health is frequently discussed. 33 For example, unemployment is associated with increased prevalence of psychological problems and unhealthy behaviours, in part due to poorer nutrition and reduced access to healthcare, in addition to rises in suicide rates. 19-21 34-39 One time trend analysis found that suicide rates were 6.4% higher in 18 American countries than expected trends had predicted in the year following the global economic crash and rises in male suicide rates correlated with the magnitude of unemployment increases. 37 Another ecological study on the impact of the economic crisis in Greece used a join-point analysis on data from the Hellenic Statistical Authority to show a clear increase in suicides in working-age persons that coincided with austerity measures. 40 In our analysis, unemployment proved to be the most significant predictor of adult mortality, with rising unemployment associated with significant deteriorations in all five population health outcomes. Controlling for out-of-pocket expenses and healthcare expenditure per capita removed the effect of unemployment on the evaluated mortality measures, suggesting that out-of-pocket expenses and the inability of the unemployed to pay these may have a dominant role in the link between unemployment and adverse health.
A prior study by members of the present group used data from the World Bank and WHO to analyse the effects of changes in unemployment and public healthcare expenditure on cerebrovascular mortality across 99 countries between 1981and 2009. 41 Using similar methods, controlling for country-specific differences in infrastructure and demographics and performing 1-5-year lag analyses and robustness checks, the investigators found that increases in unemployment and reductions in public healthcare expenditure are associated with significant increases in cerebrovascular mortality. Of note, these changes were independent of changes in inflation and GDP per capita.
Second, in recent decades, economic policy in Latin America has been focused on inflation reduction. Low inflation appears to hold certain benefits for public health. Above-target inflation levels can lead to economic instability and uncertainty, which in turn may disrupt financing of health systems. Inflation rates may therefore be correlated to reduced access and poorer quality healthcare. 42 43 Since the mid-1990s, inflation targeting has been adopted by a handful of Latin American countries, including Peru, Mexico, Chile and Colombia, where it has been accompanied by improved short-term macroeconomic outcomes and medium-term economic growth. 44 However, targeting low inflation has disadvantages. Pursuing low inflation can interfere with other economic targets, including reduction of unemployment or avoiding falls in GDP. In the sphere of Latin American economics, this interaction will be continually debated. From a public health perspective, we advocate targeting unemployment at the expense of changes in inflation and GDP, to maintain population health particularly during economic downturns and crises. This is reinforced by our finding that in some robustness checks inflation did not demonstrate significant associations with mortality measures, whereas unemployment didspecifically after controlling for additional economic measures, and removing changes in inflation, unemployment and GDP per capita >150% from the data set.
Third, our analysis contributes to discussions over the impact of GDP per capita changes on public health which have thus far focused on North America and Europe, and have met with conflicting results. [20] [21] [22] [23] Although high levels of GDP per capita may lead to increases in health expenditures, our study suggests that the association between GDP per capita and population health outcomes in Latin America is weak. Notably, after removing inflation and unemployment as controls from our regression analysis, GDP per capita increases were found to be associated with improvements in all mortality metrics. This suggests that GDP per capita changes may exert their effects on population health predominantly via subsequent variations in unemployment and inflation. In the current global economic climate, this finding is highly relevant.
This supports the findings of studies showing, for example, that economic expansions over the course of the 20th century were associated with raised mortality when regressing age-adjusted total mortality rates for specific population groups on GDP. 21 Proposed explanations for such changes have referred to rises in alcohol and tobacco consumption, reduced immune resilience with increased stress and less sleep, less social interaction, and increases in transport-related mortality. In the aftermath of the global financial crash, a significant proportion of the debate among policy makers has centred around the association between GDP and health outcomes. 45 46 Our findings suggest that this discussion must be expanded to incorporate other economic metrics and that this should be a focus for future study.
Finally, levels of unemployment, inflation and GDP per capita frequently change. Their effects on population health are likely to be substantial, but are rarely considered. The wide ranging and long-lasting health impact of changes in the investigated economic variables emphasises the need for health consequences to be considered in policy analyses. Indeed, despite the increasing body of evidence correlating crises with deteriorations in health outcomes, [18] [19] [20] public health voices have remained largely silent in recent times, with limited influence on economic policy discourse or responses.
Limitations of the study This study has several limitations. First, we focused on selected mortality measures. The effects on other health measures could yield different results. Second, we evaluated population health outcome and economic trends at the multinational level when, in fact, important unemployment variations exist at the subnational and regional levels. 47 Third, to isolate the respective effects of the changes in unemployment, inflation and GDP per capita more satisfactorily, additional sociodemographic controls could have been incorporated into the regression models.
Overall, the robustness checks performed served to validate our results by corroborating our original analyses. In the cases of controlling for urbanisation and access to water, and omitting data from 1981 to 1989, fewer mortality metrics were affected by changes in unemployment and inflation, suggesting that these factors may have affected our analyses.
Given its nature as an ecological study, we have been careful to avoid making inferences from the population data at the individual level. Numerous confounders have not been controlled for in our multivariate regression analysis and alternative time trend associations may yet be found. As such, we can only hypothesise about associations highlighted by our data and have strayed from making claims of causality. Of the nine Bradford Hill criteria for causation, 48 our findings for the relationship between unemployment and inflation on mortality outcomes meet criteria for strength, consistency, temporality, plausibility, biological gradient and analogy. The strength and consistency criteria are not held for our findings on GDP per capita.
Nevertheless, our study investigated three important economic measures with 26 controls for intercountry variations, using numerous robustness checks. We have also considered all countries within Latin America, enabling discussion of trends across the region.
CONCLUSIONS
The impact of economic downturns on population health outcomes in Latin America has until now remained largely unevaluated. The present study has revealed that increases in unemployment have strong negative effects on public health in Latin America, which are both broader and stronger than either inflation or GDP per capita changes. Our analysis has also revealed that inflation exerts broad and long-lasting negative effects on population health outcomes, whereas changes in GDP per capita exhibits almost no association with the explored mortality measures. Although the interactions between these economic metrics are complex, policymakers should prioritise the control of unemployment if population health outcomes are to be optimised.
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